 (Folia Morphol 2017; 76, 4: 702-708) 
IntRoductIon
The Asil horse of Iran, which is known in the west as the Arab, is labelled by the name of the region from which it comes, mostly to avoid confusion with other breeds of a somewhat Arab type.
Accurate diagnosis of anatomical change is dependent on a priori knowledge of normality [19] . Anatomical changes compromise the normal biomechanics of the foot and can lead to secondary digital pathologies and alterations in hoof horn production which change the shape of the hoof capsule. These events collectively cause stance and gait alterations and/or chronic and acute foot pain [6] .
The degree of anatomical change within a laminitic foot varies considerably between individuals, ranging from mild to severe. This is of clinical importance because treatment outcome and recovery prospects are related to the degree of anatomical change [10] . Clinical assessment of the presented foot should therefore be directed to the effective detection and quantification of anatomical change. So effective methods of diagnosis of anatomical change are essential to ensure that veterinary and farriery intervention occurs at an early stage, when the prospects of treatment success and recovery are most favourable [6] .
D. Vosugh et al., Radiological anatomy of foot in pure Iranian Arabian horse
Modest anatomical change does not result in discernible changes in hoof capsule shape [27] and clinical signs of pain are often absent until advanced stages of anatomical change [6] . Hence, radiographic assessment of the laminitic horse foot is of primary diagnostic importance and a lateromedial radiograph represents the 'gold standard' for diagnosis of anatomical change [29] .
Objective methods are necessary to ensure accurate diagnosis. Hence, there is a need to define the normal radiological anatomy of the foot. With normative data established, the nature and extent of change can be assessed within laminitic feet. This requires evaluation of an appropriate series of radiological parameters that define the foot anatomy and identify anatomical changes associated with laminitis [6] . Therefore, understanding the normal radiographic findings of the foot is necessary.
Many authors have described the normal radiographic anatomy of the front feet of normal horses. Bushe et al. [3] have mentioned the relation between the third phalanx angle and coffin angle in sound horses. Qualitative and morphometric radiographic findings in the distal phalanx (DP) and digital soft tissue of sound and footsore Thoroughbreds were compared by Linford [19] . They have also qualified DP and digital soft tissue findings of sound Thoroughbred racehorses and matched the data with their racing performance. Cripps and Eustace [9] have measured the normal radiographic findings in the feet of normal horses with relevance to laminitis.
On the other hand, a wide range of anatomical changes has been described in laminitic feet. This has been reviewed in detail elsewhere by Herthel and Hood [14] and Parks and Mair [25] . Collins et al. [8] highlighted anatomical differences between the donkey and horse throughout the distal limb and questioned the validity of applying this model without corroborating data. In another study, they indicated that significant changes to the hoof, bone alignments and interrelationships and to the morphology of the DP occur within laminitic donkey feet [6] .
Although the radiographic appearance of the normal foot must be understood to recognise subtle abnormalities [28] , there is little information about the radiological anatomy of normal hoof and digital soft tissues of pure Iranian Arabian horse. So the purpose of the study reported here was to determine a normal radiographic appearance and morphometry of the DP and its related soft tissue in mature pure Iranian Arabian horses without any clinical signs of lameness and foot problems.
MAteRIAls And Methods
All procedures involving the experimental use of animals were approved by the Animal Ethics Committee, a branch of the Research Council of the Veterinary School in Shahid Bahonar University, Kerman Province, Iran.
A total of 10 healthy pure Iranian Arabian horses (10 mares) ranging in age from 4 to 9 years old and with a height (measured at the highest point of the withers) between 157 and 162 cm were included in this study. All the horses had their own history and certificates. They had the same diet and training management and also the same farrier. There was no history of lameness and limb abnormality in their life. Each horse was observed trotting in circles to the left and right, and walking and trotting in a straight line.
Radiographic protocol
Radiographs were made using a portable 40 mA, 80 kV X-ray generator with variable timer. Care was taken to ensure straight lateromedial projections without obliquity by aligning the radiographic beam so that it passed perpendicularly to the sagittal plane through the foot while being centred in the middle of the hoof 3 cm proximal to the bearing surface. The hoof was also placed on an 8 cm thick wooden block so that the distance of the centre of the beam to ground surface was about 10 cm. To differentiate the bearing surface from the block a metal bar was placed on the block surface. The focus-film distance for each projection was 75 cm. All horseshoes were removed and the frog sulci and the sole surface of the digits were cleaned prior to radiography. A layer of barium sulphate contrast agent with proper concentration was rubbed on the dorsal surface of hoof wall, sole surface, and frog sulci for better visualisation of these parts on the radiographs. A metal marker was positioned at the palpable proximal limit of the hoof wall. This enabled radiographic calibration (to account for any magnification effects) and discrimination of both the dorsal aspect and proximal limit of the hoof wall. All the measurements from lateromedial radiographs were multiplied using the magnification correction factor to gain the actual distances [6, 20, 31] .
Morphometric analysis of the radiographs
In each obtained radiograph, 7 distances, 6 angles, and 3 ratios of the DP and the hoof wall were measured. The morphometric assessments were made as follows: 1. The hoof wall and its soft tissue thickness included three regions: a) Total soft tissue thickness dorsal to the distal aspect of the DP (STTD) (Fig. 1A) ; b) Total soft tissue thickness dorsal to the middle aspect of the DP (STTM) (Fig. 1B) ; c) Total soft tissue thickness dorsal to the proximal aspect of the DP (STTP) (Fig. 1C ). They were the shortest distance between the dorsal surface of the hoof wall and the dorsal cortex of DP.
Palmarocortical length (PCL) of the DP: The dis-
tance between the tip of the solar margin and the distal end of the phalangonavicular joint ( Fig. 1 ). 3. The ratios of the wall thickness to the PCL: These ratios were assessed by proper thickness of STTD, STTM, and STTP expressed as percentage.
Hoof wall axis (S-angle): The caudal angle formed
between a line along the dorsal surface of the hoof wall and a line along the bearing surface of the hoof (Fig. 1 ).
Distal phalanx axis (T-angle):
The caudal angle formed between a line along the dorsal cortex of the phalanx and a line along the bearing surface of the hoof wall ( Fig. 1 ). 6. The difference between S-and T-angle (H-angle). 7. Middle phalanx axis (U-angle): The caudal angle formed between a line through the central axis of the middle phalanx and a line along the bearing surface of the hoof wall ( Fig. 1 ). 8. The difference between U-and T-angle (R-angle). 9. D-founder: The perpendicular distance from the horizontal line through the extensor process to the horizontal line through the coronary band (Fig. 1 ). 10. S-founder: The perpendicular distance from the horizontal line through the highest point of the sole surface which was robbed by contrast agent (barium sulphate) in front of the frog to the tip of the DP (Fig. 1 ). 11. CF-founder: The perpendicular distance from the horizontal line through the top point of the frog corium to the extensor process (Fig. 1 ). 12. P-angle: A caudal angle formed between a line through the palmarocortical and a line through dorsal surface of the DP (Fig. 1 ) [9, 20, 31] .
Statistical evaluation
All the obtained data were expressed as mean ± standard error. The average and standard error were determined as standard measurements in pure Iranian Arabian horses. On the other hand, data were analysed by paired t-test followed by Tukey's test, using the software SPSS 16 (Statistical Package for the Social Sciences, version 16, SPSS; Chicago, USA). P-values less than 0.05 were considered statistically significant.
Results
The results of this study are summarised in Tables 1  and 2 . Measurements of lateromedial radiographs were distances, ratios, and angles of morphometric variables of DP and hoof in total, left and right of morphometric variables in front feet in pure Iranian Arabian horses.
In this research, there was no statistically significant difference (p > 0.05) in measured parameters between the left and right forelimb radiographs.
dIscussIon
Laminitis is a debilitating foot disorder that results in irreversible anatomical change within a foot fol- lowing failure of the suspensory apparatus of the DP [7, 29] . This problem is one of the most common causes of lameness in horses. Laminae are the structures which attach the pedal bone to the inside of the hoof wall; if these laminae become inflamed or damaged they can cause severe pain and distress. With the occurrence of laminitis some of the laminae die off, which results in an unstable foot. The pedal bone may then rotate within the foot, or in more severe cases the pedal bone may sink within the foot [29] . Some studies showed that anatomical change is defined as changes of the internal relationships of the osseous structures of the foot and their relationship with the hoof capsule and/or changes of the morphometric characteristics of the DP. Most frequently, laminitis will occur in both front feet, which is logical given that horses bear approximately 60% of their weight on their front limbs [15] .
Anatomical change within the laminitis is characterised by significant increases in angular deviation between the dorsal aspect of the DP and dorsum of the hoof wall and phalangeal rotation and increase in distal displacement of the DP [6] .
The goal of farriers and equine clinicians is to achieve a dorsopalmar foot balance in which the hoof-paster axis is straight; i.e. the dorsal hoof wall is parallel to the dorsal surface of the pastern region [23, 24] and the horn tubules at the heels are at a similar angle to those at the dorsal hoof wall [1] . In a broken-back, long-toe/low-heel conformation, the dorsal hoof angle is smaller than that of the pastern. In many of these horses the heels are weakened and the horn tubules in the heel region bend and their angle relative to the ground is decreased, resulting in the heels sinking and becoming under-run, termed collapsed heels [5] . It has been suggested that this Abbreviations -see text change in conformation increases the load on the palmar aspect of the foot during weight bearing [24] , producing biomechanical changes including permanent extension of the distal interphalangeal joint and decreased angle of deviation of the deep digital flexor tendon (DDFT) around the navicular bone. Furthermore, some authors contend that these changes increase the force exerted by the DDFT on the navicular bone predisposing horses to navicular disease [3, 23, 33] . It is generally accepted that radiological assessment of a laminitic foot is of clinical importance in confirming a diagnosis of anatomical changes within the foot of the affected animal, thereby confirming progression into the chronic phase of the disease and determining the nature and extent of these changes within the foot [6] .
Adoption of a multiparameter approach to the radiological assessment of the foot provides the clinician with a more complete understanding of the internal anatomy of the presented foot and gives objective evidence of anatomical change associated with laminitis [6] . The lateromedial radiographic view represents the 'gold standard' from which diagnosis and prognostic assessment are routinely achieved [14] . Lateromedial radiographs should be taken at the first sign of acute laminitis to develop a baseline for continuous radiographic comparison. Early radiographic signs in laminitis include mild bony reaction along the dorsal aspect of the distal phalanx in addition to widening the distance between the DP and the dorsal hoof wall [29] . This distance should be less than 18 mm in normal horses or less than 30% of the palmer length of the DP measured from the tip of the bone to its articulation with the navicular bone [19] . Palmar or plantar rotation of the DP away from the dorsal hoof wall confirms the diagnosis of laminitis [9, 26] .
Various studies provided some parameters which define the morphometric characteristics of the DP of the foot, which can be used objectively, both to assess the anatomy of the DP and to confirm the presence and extent of degenerative change of the DP. A number of different radiological parameters are therefore required to fully document the anatomy of the foot and to evaluate fully the nature and extent of the anatomical changes present within the affected foot. It is a clinical imperative to be able to accurately detect modest change within the affected foot because recovery prospects are generally accepted to be related both to the nature and extent of the anatomical changes within the foot [10] . There are inherent inaccuracies associated with the measurement of radiological parameters and alternative parameters which can improve diagnostic accuracy are welcomed. For example, in a study by Collins et al. [6] , measurement of angle subtended between the dorsal aspect of the DP and the ground line, represented an improvement on former methods of evaluating the orientation of the dorsal aspect of the DP. Likewise, if measurement accuracy cannot be fundamentally improved, then accordance between different parameters which employ various approaches to measure differently the same dislocation event to measure angular deviation between the dorsal aspect of the DP and dorsum of the hoof wall, can provide greater confidence in a diagnosis of anatomical change.
On the other hand, in a normal horse, the angle made by DPh (the solar border of the distal phalanx and the ground) varies from 2° to 10° [24] . In long toe/low heel conformation, this angle is different because the palmar processes of the solar border of the DP are closer to the ground compared to the cranial border [4] , causing extension of the coffin joint. As the solar border of the distal phalanx is the insertion point of the DDFT, a change in its orientation, such as that seen with collapsed heels, may increase the length of the DDFT. Since the DDFT is loaded during stance by its accessory ligament [32] , and as there is an approximately linear relationship between DDFT length and force [21] , this change in the angle made by DPh orientation may also increase the DDFT tensile force and subsequently the force it exerts on the navicular bone. In a study, Eliashar et al. [12] hypothesised that DPh and the ground is correlated to the degree of heel collapse and that foot conformation is correlated to the compressive force exerted by the DDFT on the navicular bone.
Many published studies have been done on measurement of coffin bone in front feet [9, 13, 17, 19] ; while few studies have been done on hind feet [9] . Cripps and Eustace [9] measured the angles in front feet of mix breeds. These authors found that the mean angle S and T in the front feet of 22 Thoroughbred horses were 48.6 degrees and 47.6 degrees, respectively. The measurement of these parameters in our study is in close agreement with these authors [9, 20, 31] . H angle in our study was -0.2 in comparison to Crips and Eustac [9] (-1) and Masoudifard et al. [20] (0.4). Cripps and Eustace [9] reported that angle U was 43.8 degrees, while R angle was 3.8 degrees. The finding of our study (U: 56.6, R: 7.2) was different than theirs and from results that were obtained by Masoudifard et al. (2014) [20] (U: 49.2, R: -0.2). In our study the amount of angle U and R was 56.6 and 7.2. Differences between the two studies may be related to breed or type of horses. Differences in measurement techniques may also have contributed [9, 18] .
The measurement values of wall thickness in this study and that reported by Cripps and Eustace [9] were different. According to Cripps and Eustace [9] the mean wall thickness measurements from front feet of normal Thoroughbred horses were 16.3 mm in STTM. Linford et al. [19] reported that the widest thickness at the hoof wall and its soft tissue was 18 mm. Our result in STTM was 18.1. O'Brien et al. [22] stated that increase in the hoof wall thickness and its related soft tissue to more than 20 mm is the first radiographic sign of laminitis. This increase is due to the inflammation of the laminae and will be seen on lateromedial radiographs almost 48 h to 72 h after laminitis start to grow. No part of the hoof wall and its related soft tissue thickness was more than 20 mm in the present study. It shows that none of the horses in our study had lameness and/or laminitis complications. Based on a study by Linford et al. [19] wall thickness in the normal horse is less than 30% (25-30) of PCL. Our results were 26.3 ± 0.9, 26.7 ± ± 0.75 and 27.5 ± 0.65 in three proximal, middle and distal regions respectively (Table 1) . It showed that mean of this criterion was less than 30% in all cases. These findings also confirmed the health of the feet of the horses in our study. It seems that foot conformation and radiological anatomy measurements of the pure Iranian Arabian horses are in the normal range of the other breeds. There are some differences between hoof wall thickness and soft tissue measurements in this study and other studies [9, 19, 20] , which can be due to the differences in breeds, ages, hoof care, sport activities, or the nutrition of the examined horses.
Founder distance is a parameter first described by Cripps and Eustace [9] . They stated that measuring the founder distance is a diagnostic criterion in laminitis. Our measurements according to Cripps and Eustace [9] method were based on a marker with the most proximal end at the point below the coronary band, where the wall horn began to yield to moderate digital pressure. In another study the marker was positioned with the proximal end at the hairline [17] .
The different position of the marker explains the differences in measurements. Cripps and Eustace [9] reported that founder distance values in front feet of 22 Thoroughbred horses were about 5.2 ± 1.97 mm. In our study founder distance was about 6.2 ± ± 0.43 mm. This parameter in Akhal-Teke and Darehshori were 6.2 ± 2.93 and 5.6 ± 1.1, respectively [20, 31] . The differences between left and right feet were not statistically significant (p > 0.05) in our and other mentioned studies. Generally, differences in founder distance (apart from the effect of marker placement) may be due to variations in limb loading, or a consequence of laminitis. However, the degree of natural variation indicates that this parameter is only of limited usefulness in the early stages of laminitis [9, 19] .
In one study [9] it was demonstrated that while dorsopalmar obliquity did not produce errors in the measurement of D, they contrast with the situation that has been reported for angle H [16] . There was a real effect of proximo-distal obliquity on the founder distance. However, the estimated effect, 1.5 mm change in D for every 100 mm change in beam height, is not likely to be of clinical importance assuming conventional radiographic technique. Nevertheless, it does emphasize the need for a standardised technique and the importance of keeping the central beam constant during a sequence of radiographs [9] .
Linford et al. [19] propounded that existence of palmarocortical resorption, which causes an obvious convexity on the palmarocortical region on the lateral radiographs, is a sign for laminitis and founder. In this relation, Masoudifard et al. [20] assessed a new creation called P-angle. This criterion may be useful as an indicator of laminitis [20] .
conclusIons
This study represents the first detailed evaluation of the radiological foot anatomy of the pure Iranian Arabian horse. This radiological assessment provides new baseline data for the lateromedial radiographic view of normal pure Iranian Arabian horse feet, against which objective clinical comparisons can be made. It also defines the anatomical changes that occur are associated with laminitis.
